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tive feature not reported previously in any spe¬ 
cies of Accacladocoelium. This feature raises the 
possibility of an undescribed species within the 
genus. 

We thank Yolanda Hornelas of the Institute 
de Ciencias del Mar y Limnologia, UNAM, for 
helping with the SEM photomicrographs. Re- 
beca Gasca and Eduardo Suarez-Morales, of El 
Colegio de la Frontera Sur-Unidad Chetumal 
kindly supplied the biological material. 
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abstract: During an inventory of the helminth par¬ 
asites of amphibians from several localities in Mexico, 
trematode parasites of the genus Glypthehnin.s from 5 
species of frogs were studied. Three species of Glypt- 
helmin.s were collected from Rana montezmnae, Rana 
diinni, Rana neovolcanica, Rana megapoda, and Rana 
vaillanti. New host and locality records for Glypthel- 
niin.s qiiieta and Glypthelmin.s californien.si.s in anurans 
from Mexico are established, and we report Glypthel- 
niins facini for the first time from R. vaillanti from Los 
Tuxtlas, Veracruz State. Diagnostic characters for each 
parasite species and sister-group relationships are pre¬ 
sented. 

KEY words: Digenea, Macroderoididae, Glypthel- 
mins spp., anurans, systematics, frogs, Rana spp., 
Mexico. 


’ Cone.sponding author. 


The genus Glypthelmins was established by 
Stafford (1905) to include Distomum quietum 
Stafford, 1900, parasitic in Rana catesbeiana 
Shaw, 1802, Rana virescens Kalm, 1878, and 
Hyla pickeringii Holb, 1890, all from Canada. 
At the present time there is controversy about 
the species comprising the genus Glypthelmins, 
primarily because the original description of the 
type species of Glypthelmins was incomplete. 
This, and some degree of intraspecific morpho¬ 
logical variability among some members of the 
genus, have led to taxonomic uncertainty con¬ 
cerning the species. This confusion has resulted 
in investigators creating nonphylogenetic 
groups, and some species that should be includ¬ 
ed in Glypthelmins were assigned to other gen- 
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Table 1. Prevalence and mean abundance of 3 species of Glypthelmins in 5 species of frogs from Mexico. 


Ho.st 



Glypthelmins 


Locality-'- 

A-i- 

californiensis 

quieta 

facioi 

Rana montezumae 

CLE 

89 

330+/23.6§ (3.7)11 

1034/39.3 (11.6) 


Rana dunni 

LZA 

73 

rriiAb.e (3.7) 

39/15 (3.5) 

— 


LPA 

18 

4/22.2 (1) 

180/50 (20) 

— 

Rana tnegapoda 

LCU 

46 

— 

6/8.7 (0.13) 


Rana neovolcanica 

MCO 

34 

— 

231/31.7 (5.6) 

— 

Rana vaillanti 

LAE 

34 

— 

— 

31/41.2 (0.91) 


* CLE = Cienaga de Lerma; LZA = Lago de Zacapu; LPA = Lago de Patzcuaro; LCU = Lago de Cuitzeo; MCO = 
Manantiales de Cointzio; LAE = Laguna Escondida. 
t = sample size. 

± Number of worms collected. 

§ Prevalence of infection (expressed as %). 

II Mean abundance of infection (mean no. of worms per host examined). 


era such as Margeana Cort, 1919, Microderma 
Mehra, 1931, Choledocystus Pereira and Cuo- 
colo, 1941, Rauschiella Babero, 1951, Reynold- 
strema Cheng, 1959, and Repandum Byrd and 
Maples, 1963 (Miller, 1930; Caballero, 1938; 
Cheng, 1959; Byrd and Maples, 1963). In Mex¬ 
ico, at least 4 species of the genus have been 
reported from frogs and toads: Glypthelmins cal- 
iforniensis (Cort, 1919) Miller, 1930, Glypthel¬ 
mins quieta (Stafford, 1900) Stafford, 1905, 
Glypthelmins intermedia (Caballero, Bravo, and 
Zerecero, 1944) Yamaguti, 1958 { = Choledocys¬ 
tus intermedia), and Glypthelmins tineri (Ba¬ 
bero, 1951) Brooks, 1977 (=Rauschiella tineri) 
(see Lamothe-Argumedo et al., 1997; Brooks, 
1977). As part of an ongoing inventory of the 
helminth parasites of amphibians from different 
localities in Mexico, we establish herein new 
host and locality records for 3 species of Glypt¬ 
helmins. During this study, we examined the 
species of Glypthelmins deposited at the Colec- 
cion Nacional de Helmintos (CNHE) and pro¬ 
duced a revised list of hosts and species in Mex¬ 
ico. 

Between 1996 and 1997, individuals of 18 
species of frogs and toads were collected from 
9 localities in Mexico. Only at 5 of these local¬ 
ities (Cienaga de Lerma, Estado de Mexico 
[CLE], 19°17'N, 99°30'W; Lago de Patzcuaro, 
Michoacan [LPA], 19°30'N, 101°36'W; Lago de 
Zacapu, Michoacan [LZA], 19°49'N, 101°47'W; 
Manantiales de Cointzio, Michoacan [MCO], 
19°35'N, 101°14'W; and Laguna Escondida, Los 
Tuxtlas, Veracmz [LAE], 20°37'N, 98°12'W), 
and only in 5 of the 18 species of frogs and 
toads studied were several specimens of Glypt¬ 


helmins recovered from the intestines of their 
hosts. Anurans were captured by hand, and in 
<12 hr they were killed with an overdose of 
sodium pentabarbitol. All organs and the body 
cavities of each host were examined for hel¬ 
minths using a stereomicroscope. Digeneans re¬ 
covered from the intestine were initially placed 
in 7.5% saline and were subsequently fixed in 
Bouin’s fluid for 12 hr under a coverglass. Some 
worms were mounted as semipermanent slides 
in saline and studied alive. Morphological analy¬ 
ses were conducted using an image analyzer 
(Image-Pro Plus version 1.3 for Windows). 
Voucher specimens have been deposited at the 
Coleccion Nacional de Helmintos, Mexico City 
(accession numbers 3271-3285), and at the Har¬ 
old W. Manter Laboratory of Parasitology 
(HWML), University of Nebraska-Lincoln, Ne¬ 
braska, U.S.A. (accession numbers 39954- 
39957). 

Three species of Glypthelmins were found: G. 
californiensis, 607 specimens from 2 species of 
frogs (Rana montezumae Baird, 1854, CLE; 
Rana dunni Zweifel, 1957, LPA and LZA); 
1,484 specimens of G. quieta from 4 species of 
frogs {R. montezumae, CLE; R. dunni, LPA and 
LZA; Rana neovolcanica Hillis and Frost, 1985, 
MCO; Rana megapoda Taylor, 1942, MCO); 
and 31 specimens of Glypthelmins facioi from 
Rana vaillanti Brocchi, 1877, in LAE. Infection 
data are in Table 1. 

The 3 species found show morphological 
traits that are typical of Glypthelmins, including 
the presence of 2 symmetric or oblique interce- 
cal testes, a median genital pore, the presence of 
a seminal receptacle, bipartite seminal vesicle. 
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and an I- or Y-shaped excretory vesicle. Glypt- 
helmins quieta is characterized by having 2 
groups of prominent peripharyngeal glands on 
each side of the pharynx extending to the cecal 
bifurcation, with gland ducts opening at the pos¬ 
terior border of the oral sucker. Vitelline follicles 
extend from the posterior border of the pharynx 
and occasionally from the midlevel of the esoph¬ 
agus, reaching far beyond the posterior border 
of the testes. In addition, G. quieta possesses 
cecal, intracecal, and extracecal uterine loops. 

The original description of G. californiensis 
by Cort (1919), based on live specimens, indi¬ 
cated the absence of peripharyngeal glands. We 
have studied specimens identified as G. califor¬ 
niensis from CNHE (nos. 3280-3284) and from 
the personal collection of Dr. Daniel Brooks 
from Rana aurora Baird and Girard, 1852, from 
British Columbia, Canada. These specimens 
possess reduced peripharyngeal glands that sur¬ 
round the pharynx both ventrally and dorsally. 
Because the location of the holotype of this spe¬ 
cies is not known, we are unable to confirm this 
characteristic until a neotype is assigned and 
studied. However, our observations agree with 
those made by O’Grady (1987) who described 
G. californiensis from British Columbia, naming 
these glands as medial glands. Glypthelmins cal¬ 
iforniensis has vitelline follicles that extend an¬ 
teriorly to the level of the posterior border of the 
pharynx and occasionally to the posterior border 
of the oral sucker with follicles confluent dor- 
sally at the cecal bifurcation. The vitellaria ex¬ 
tend to the posterior border of the testes. Uterine 
loops are completely intracecal. In contrast, G. 
facioi is characterized by lacking peripharyngeal 
glands, vitelline follicles extending anteriad 
from the cecal bifurcation just beyond the pos¬ 
terior border of the left testis, by having oblique 
rather than symmetric testes, cecal and intracecal 
uterine loops, and by having tegumentary spines 
that extend only along the anterior Vi of the 
body. 

These 3 species of Glypthelmins constitute a 
monophyletic clade, according to the phyloge¬ 
netic hypothesis proposed by Brooks (1977) and 
Brooks and McLennan (1993). Glypthelmins fa¬ 
cioi is the sister species of the species pair G. 
quieta + G. californiensis. Glypthelmins facioi 
was originally described from R. pipiens Schre- 
ber, 1782, from Costa Rica by Brenes et al. 
(1959), and later redescribed by Sullivan (1976). 
Herein, we report G. facioi for the first time 


from Mexico, thus establishing a new host and 
locality record. Based on previous geographical 
records, this species is apparently restricted to 
the neotropics. Glypthelmins quieta, the type 
species of the genus, is widely distributed in 
North America, including the eastern U.S.A., 
Canada, and Central Mexico, parasitizing at 
least 21 species of anurans in 5 genera {Acris 
Dumeril and Bibron, 1841, Bufo Laurenti, 1768, 
Hyla Laurenti, 1768, Pseudacris Fitzinger, 1843, 
and Rana Linnaeus, 1758). In Mexico, this spe¬ 
cies was previously recorded from R. montezu- 
mae from Xochimilco and Texcoco lakes, both 
in the vicinity of Mexico City (Lamothe-Argu- 
medo et al., 1997). In this report we add 4 new 
locality records (CLE, LPA, LZA, MCO), and 3 
host records, all belonging to the R. pipiens 
complex (leopard frogs) including R. dunni, R. 
neovolcanica, and R. megapoda. 

Glypthelmins californiensis also occurs in the 
Nearctic Region but has a different geographic 
distribution than the type species; it occurs in 
North America, but is known only from 6 spe¬ 
cies of Rana and 1 species of Hyla. Its range 
extends through the western U.S.A. and Canada, 
converging with G. quieta in frogs from the cen¬ 
tral region of Mexico in localities of the Trans¬ 
verse Neovolcanic Axis, at the boundary be¬ 
tween the Nearctic and Neotropical biogeo¬ 
graphic zones. Previously, this species was re¬ 
ported in Mexico from R. montezumae and R. 
pipiens from Mexico City and Lerma (Caballe¬ 
ro, 1942; Caballero and Sokoloff, 1934; Leon- 
Regagnon, 1992) and from R. dunni from Lake 
Patzcuaro (Pulido, 1994). Herein, we establish 
Lake Zacapu as a new locality record for G. cal¬ 
iforniensis. Guillen (1992) recorded G. califor¬ 
niensis as a parasite of Rana berlandieri Baird, 
1854, and R. vaillanti from Los Tuxtlas, Vera¬ 
cruz State. We examined specimens deposited at 
the CNHE (no. 1514, 5 specimens). Based on 
our diagnoses of the 3 species, we believe these 
were misidentified because in them the vitellaria 
extend anteriorly to the level of cecal bifurca¬ 
tion, and posteriorly they extend to the posterior 
border of the testes. The specimens do have 
oblique testes, and the uterine loops are intra- 
and extracecal. In our opinion, they are G. fa¬ 
cioi. 

As can be generally expected, the close phy¬ 
logenetic relationship between G. quieta and G. 
californiensis (see Brooks, 1977; Brooks and 
McLennan, 1993) determines some degree of 
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Table 2. Species of Glypthelmins recorded from anurans from Mexico. 


Species 

Host 

Locality 

Reference 

Glypthelmins californiensis* 

Rana montezumae, 
Rana pipiens 

Mexico, Distrito Federal 

Xochimilco, Distrito Federal 

Caballero and Sokoloff (19.J4) 


R. montezumae, R. 
pipiens 

Cienaga de Lerma, Estado de Mexico 

Caballero (1942) 


Rana dunni 

Lago de Patzcuaro, Michoacan 

Lago de Zacapu, Michoacan 

Pulido (1994) 

This work 

Glypthelmins facioi* 

Rana vaillanti, Rana 
herlandieri 

Laguna Escondida, “Los Tuxtlas”, 
Veracruz 

This work; Guillen (1992) 

Glypthelmins intermedia t 

Bufo marinus 

Rio Huixtla, Chiapas 

Tuxtepec, Oaxaca 

Caballero et al. (1944) 

Bravo (1948) 

Glypthelmins e/uieta* 

R. dunni 

Lago de Patzcuaro and Lago de Za¬ 
capu, Michoacan 

This work 


Rana me^apoda 

Lago de Cuitzeo, Michoacdn 

This work 


Rana neovolcanica 

Manantiales de Cointzio, Michoacan 

This work 


R. montezumae 

Cienaga de Lerma, Estado de Mexico 
San Pedro Tlaltizapan, Estado de 
Mexico 

Xochimilco, Distrito Federal and Tex¬ 
coco, Estado de Mexico 

This work 

Leon-Regagnon (1992) 

Lamothe-Argumedo et al. 

(1997) 

Glypthelmins tineri* 

“Green frog” 

Mexicoll 

Babero (1951) 


* Intestine, 
t Liver. 

:j: Gall bladder. 

S Bile ducts. 

II Locality not determined. 


morphological similaiity. Detailed examination 
of diagnostic characters allowed us to review the 
taxonomic status of species of Glypthelmins de¬ 
posited at the CNHE. We examined specimens 
from the following lots: lot no. 1561 represent¬ 
ing 10 specimens from R. dunni from Lake Patz- 
cuaro, identified by Pulido (1994) and labeled as 
G. californiensis (1 individual is actually G. 
quieta)', lot no. 1461, represented by 8 speci¬ 
mens from R. montezumae identified by Leon- 
Regagnon (1992) from Lerma, and labeled as G. 
californiensis, are G. quieta; lot no. 1181, 17 
specimens from R. montezumae from Lerma, 
collected and identified by Caballero (1942); and 
lot no. 2495, represented by 8 specimens from 
R. montezumae from Lake Xochimilco, identi¬ 
fied by Dr. Eduardo Caballero, were correctly 
identified as G. californiensis; lots no. 1562 (3 
specimens) and 1563 (4 specimens), from R. 
montezumae from Lake Xochimilco and Lake 
Texcoco, respectively, were correctly identified 
as G. quieta. 

In Table 2, we present an updated and revised 
list of species of Glypthelmins in anurans from 
Mexico. Adding previous records to the results, 
we conclude the genus Glypthelmins is currently 
represented in Mexico by 5 species (G. quieta, 


G. californiensis, G. facioi, G. intermedia, and 
G. tineri) from at least 7 species of Rana and 1 
species of Bufo. The most common of these are 
G. californiensis and G. quieta, both found in 
different species of frogs in localities of the 
Mesa Central of Mexico. Whether or not these 
are all the species of Glypthelmins that occur in 
anurans from Mexico will be determined once 
further research on the helminth fauna of differ¬ 
ent species of amphibians in the country is fin¬ 
ished. 

The species composition of the genus Glypt¬ 
helmins, as well as its taxonomic position and 
relationships to other closely related genera, are 
still uncertain. Yamaguti (1971) recognized 23 
valid species; Brooks (1977) in his phylogenetic 
analysis of species of Glypthelmins, considered 
19 species to be valid. Prudhoe and Bray (1982) 
proposed that some species, allocated originally 
to other genera, should be transferred to Glypt¬ 
helmins, and then included 27 species in the ge¬ 
nus. A complete revision of the genus is nec¬ 
essary to clarify the taxonomic composition of 
this group of parasites as well as to update the 
phylogenetic hypotheses of Brooks (1977) and 
Brooks and McLennan (1993). We are currently 
obtaining DNA sequences of 18S ribosomal 
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genes as an additional source of characters. Pre¬ 
liminary results show an agreement of sister- 
group relationships among the 3 species dis¬ 
cussed here. 

We thank Luis Garcia, Agustm Jimenez, Be- 
renit Mendoza, and Angelica Sanchez for their 
help collecting specimens, and Dr. Virginia Leon 
(CNHE) and Dr. Scott L. Gardner (HWML) for 
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reviews and comments made by 2 anonymous 
reviewers are appreciated. We gratefully ac¬ 
knowledge Dr. Daniel Brooks (University of To¬ 
ronto) for the loan of specimens of Glypthelmins 
from his personal collection. This study was 
funded by the Program PAPIIT-UNAM nos. 
IN201396 and IN219198, and CONACYT 2676 
PN to G.P.P.L., and CONACYT LOO42-M9607 
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